S/N 10/021,416 



PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant: 
Serial No.: 



Phillips, Russel et al Examiner: Bertoglio, Valerie E.. 

10/021,416 Group Art Unit: 1632 



Title: 



Filed: 



November 5, 2001 Docket No.: R236/75658.-.0 19300 

Secreted Protein Associated With Depression, Compositions and Methods of 
Use Thereof 



DECLARATION OF ROBERT DRISCOLL PURSUANT TO 37 C.F.R. 8 1.132 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Sir: 



I, Robert Driscoll, residing at 23 Chicory Lane, San Carlos, CA 94070, hereby declare: 

1 . I am presently employed as Vice President of Intellectual Property & Legal 
Affairs at Assignee, Deltagen, Inc., in San Carlos, CA. I have also previously served as the 
Company's Senior Director of Intellectual Property, in which position I managed and oversaw 
the Company's intellectual property portfolio, including the Company's patent filings. I possess 
a Ph.D in Chemistry, received from the California Institute of Technology. I also possess a J.D., 
received from Loyola Law School, Los Angeles. I am a registered patent attorney (Reg. No. 
47,536). 

2. I am familiar with the above-cited application. I am familiar with the Office 
Action mailed January 13, 2005. I am aware that the Examiner has rejected the claims, in part, 
for allegedly failing to meet the utility requirement. I am also aware that the Applicant has 
argued that a commercial sale of a mouse with a disrupted secreted protein (R-236) allele within 
the scope of the claimed subject matter ("secreted protein gene knockout mouse") should satisfy 
the utility requirement. 
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3. In support of the Applicant's aforementioned argument, I hereby state that I have 
reviewed Deltagen' s internal sales records regarding the secreted protein gene knockout mouse. 
According to these records, the secreted protein gene knockout mouse has been delivered to at 
least one (1) large pharmaceutical company. The contractual terms by which the mice were 
transferred prohibit Deltagen from identifying the name of this company. However, the 
company is ranked among the top 10 pharmaceutical companies worldwide (based on sales). 

4. It is my understanding, based on communications with our pharmaceutical 
company customers, that transgenic knockout mice obtained from Deltagen are used for studying 
gene function and for human therapeutic drug development. 

5. I further declare that all statements made herein of my own knowledge are true; 
and further that these statements were made with knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity of the 
above-referenced application or any patent issuing thereon. 
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Background on Mouse as a Model Organism 

Over the past century, the mouse has developed into the premier mammalian model system 
for genetic research. Scientists from a wide range of biomedical fields have gravitated to the mouse 
because of its close genetic and physiological similarities to humans, as well as the ease with which 
its genome can be manipulated and analyzed. 

Although yeasts, worms and flies are excellent models for studying the cell cycle and many 
developmental processes, mice are far better tools for probing the immune, endocrine, nervous, 
cardiovascular, skeletal and other complex physiological systems that mammals share. Like humans 
and many other mammals, mice naturally develop diseases that affect these systems, including 
cancer, atherosclerosis, hypertension, diabetes, osteoporosis and glaucoma. In addition, certain 
diseases that afflict humans but normally do not strike mice, such as cystic fibrosis and Alzheimer's, 
can be induced by manipulating the mouse genome and environment. Adding to the mouse's appeal 
as a model for biomedical research is the animal's relatively low cost of maintenance and its ability to 
quickly multiply, reproducing as often as every nine weeks. 

Mouse models currently available for genetic research include thousands of unique inbred 
strains and genetically engineered mutants. There are mice prone to different cancers, diabetes, 
obesity, blindness, Lou Gehrig's disease, Huntington's disease, anxiety, aggressive behavior, 
alcoholism and even drug addiction. Immunodeficient mice can also be used as hosts to grow both 
normal and diseased human tissue, a boon for cancer and AIDS research. 

In the early days of biomedical research, scientists developed mouse models by selecting and 
breeding mice to produce offspring with the desired traits. Researchers also learned to produce 
useful, new models of genetic disease quickly and in large numbers by exposing mice to DNA- 
damaging chemicals, a process known as chemical mutagenesis. 

In recent decades, researchers have utilized an array of innovative genetic technologies to 
produce custom-made mouse models for a wide array of specific diseases, as well as to study the 
function of targeted genes. One of the most important advances has been the ability to create 
transgenic mice, in which a new gene is inserted into the animal's germline. Even more powerful 
approaches, dependent on homologous recombination, have permitted the development of tools to 
"knock out" genes, which involves replacing existing genes with altered versions; or to "knock in" 
genes, which involves altering a mouse gene in its natural location. To preserve these extremely 
valuable strains of mice and to assist in the propagation of strains with poor reproduction, researchers 
have taken advantage of state-of-the-art reproductive technologies, including cryopreservation of 
embryos, in vitro fertilization and ovary transplantation. 

The Jackson Laboratory, a publicly supported national repository for mouse models in Bar 
Harbor, Maine, has played a crucial role in the development of the mouse into the leading model for 
biomedical research. Established in 1929, the non-profit center pioneered the use of inbred laboratory 
mice to uncover the genetic basis of human development and disease. In fact, the famous "Black 6" 
or C57BL/6J mouse strain whose genome is the focus of the landmark sequencing effort was 
developed in the early 1920s by The Jackson Laboratory founder Clarence Cook Little. 



Today, researchers at The Jackson Laboratory pursue projects in areas that include cancer, 
development and aging, immune system and blood disorders, neurological and sensory disorders, and 
metabolic diseases. Informatics researchers work with the public sequencing consortium to curate 
and integrate the sequenced mouse genome data with the wealth of biological knowledge collected in 
Jackson's Mouse Genome Informatics resource. 

In addition, The Jackson Laboratory distributes 2,700 different strains and stocks as breeding 
mice, frozen embryos or DNA samples. In FY 2002 alone, the lab supplied approximately 2 million 
mice to the international scientific community. 

Listed below is a sampling of mouse models developed and/or distributed by The Jackson 
Laboratory, along with brief descriptions of the human diseases they are helping scientists to 
understand: 

• Down Syndrome - One of the most common genetic birth defects in humans, 
occurring once in every 800 to 1,000 live births, Down syndrome results from an extra copy of 
chromosome 21, an abnormality known as trisomy. The Ts65Dn mouse, developed at The Jackson 
Laboratory, mimics trisomy 21 and exhibits many of the behavioral, learning, and physiological 
defects associated with the syndrome in humans, including mental deficits, small size, obesity, 
hydrocephalus and thymic defects. This model represents the latest and best improvement of Down 
syndrome models to facilitate research into the human condition. 

• Cystic Fibrosis (CF) - The Cftr knockout mouse has helped advance research into 
cystic fibrosis, the most common fatal genetic disease in the United States today, occurring in 
approximately one of every 3,300 live births. Scientists now know that CF is caused by a small 
defect in the gene that manufactures CFTR, a protein that regulates the passage of salts and water in 
and out of cells. Studies with the Cftr knockout have shown that the disease results from a failure to 
clear certain bacteria from the lung, which leads to mucus retention and subsequent lung disease. 
These mice have become models for developing new approaches to correct the CF defect and cure 
the disease. 

• Cancer - The p53 knockout mouse has a disabled Trp53 tumor suppressor gene that 
makes it highly susceptible to various cancers, including lymphomas and osteosarcomas. The mouse 
has emerged as an important model for human Li-Fraumeni syndrome, a form of familial breast 
cancer. 

• Glaucoma - The DBA/2J mouse exhibits many of the symptoms that are often 
associated with human glaucoma, including elevated intraocular pressure. Glaucoma is a debilitating 
eye disease that is the second leading cause of blindness in the United States. 

• Type 1 Diabetes - This autoimmune disease, also known as Juvenile Diabetes, or 
Insulin Dependent Diabetes Mellitus (IDDM), accounts for up to 10 percent of diabetes cases. Non- 
obese Diabetic (NOD) mice are enabling researchers to identify IDDM susceptibility genes and 
disease mechanisms. 

• Type 2 Diabetes - A metabolic disorder also called Non-Insulin Dependent Diabetes 
Mellitus (NIDDM), this is the most common form of diabetes and occurs primarily after age 40. The 
leading mouse models for NIDDM and obesity research were all developed at The Jackson 
Laboratory: Cpef at , Lep ob , Lepr db and tub. 

• Epilepsy - The "slow-wave epilepsy," or swe, mouse is the only model to exhibit both 
of the two major forms of epilepsy: petit mal (absence) and grand mal (convulsive). It shows 
particular promise for research into absence seizures, which occur most often in children. 

• Heart Disease - Elevated blood cholesterol levels and plaque buildup in arteries within 
three months of birth (even on a low-fat diet) are characteristics of several experimental models for 



human atherosclerosis: the Apoe knockout mouse and C57BL/6J. 

• Muscular Dystrophy - The Dmd mdx mouse is a model for Duchenne Muscular 
Dystrophy, a rare neuromuscular disorder in young males that is inherited as an X-linked recessive 
trait and results in progressive muscle degeneration. 

• Ovarian Tumors - The SWR and SWXJ mouse models provide excellent research 
platforms for studying the genetic basis of ovarian granulosa cell tumors, a common and very serious 
form of malignant ovarian tumor in young girls and post-menopausal women. 

Contact: Geoff Spencer NHGRI Phone: (301) 402-091 1 
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The Knockout Mouse Project 



Mouse knockout technology provides a powerful means of elucidating gene function in vivo, and a publicly available 
genome-wide collection of mouse knockouts would be significantly enabling for biomedical discovery* To date, published 
knockouts exist for only about 10% of mouse genes. Furthermore, many of these are limited in utility because they have 
not been made or phenotyped in standardized ways, and many are not freely available to researchers. It ts time to harness 
new technologies and efficiencies of production to mount a high -through put international effort to produce and 
phenotype knockouts for all mouse genes, and place these resources into the public domain. 



Mow that the human and mouse genome 
sequences are known 1 ' 5 , attention has turned 
to elucidating gene function and identifying 
gem products that might have therapeutic 
value the laboratory mouse (Mus mwoilw) 
has had a prominent role in the study of 
human disease mechanisms throughout the 
rich, 100- year history of classical mouse genet- 
ics, exemplified by the lessons teamed from 
naturally occurring mutants such as agouti 4 , 
rcder 3 and obese 4 . The large-scale production 
and analysis of induced genetic mutations in 
worms, Hies, tcbrafish and mice have greatly 
accelerated the understanding of gene function 
In these organisms. Among the model organ- 
isms, the mouse oilers particular advantages 
for the study of human biology and disease; (i) 
the mouse is a mammal, and its development, 
body plan, physiology, behavior and diseases 
have much in common with those of humans 
(0) almost all (59%) mouse genes have 
homologs in humans; and (iii) the mouse 
genome supports targeted mutagenesis in spe- 
cific genes by homologous recombination in 
embryonic stem {E5) cells, allowing genes to be 
altered efficiently and precisely. 

The ability to disrupt, or knock out, a spe- 
cific gene in ES cells and mice was developed 
in die late 1980s Iref, 7), and the use of knock- 
out mice has led to many insights into human 
biology and disease*" 11 . Current technology 
also permits insertion of Reporter* genes in 10 
the knocked -out gene, which can then be 
used to determine the temporal and spatial 



The Comprehensive Knockout Mow* 
Project C&ttfQrtittttt* 

"Authors and their affiliations art listed at the 
end of the paper* 



expression pattern of the knocked -out gene in 
mouse tissues. Such marking of cells by a 
reporter gene facilitates the identification of 
new cell types according to their gene expres- 
sion patterns and allows further characteriza- 
tion of marked tissues and single cells. 

Appreciation of the power of mouse genet- 
ics to inform the study of mammalian physi- 
ology and disease* coupled with the advent of 
the mouse genome sequence and the ease of 
producing mutated alleles, has catalyzed pub- 
lie and private sector initiatives to produce 
mouse mutants on a large scale, with the goal 
of eventually knocking out a substantial por- 
tion of the mouse genome 1 W3 . Large-scale, 
publicly funded gene- trap programs have 
been initiated in several countries, whb the 
International Gene Trap Consortium coordi- 
nating certain efforts and resources 1 

Despite these efforts, the total number of 
knockout mice described in the literature is 
relatively modest* corresponding to only -10% 
of the -25,000 mouse genes. The curated 
Mouse Knockout & Mutation Database lists 
2,669 unique genes (C Rathbone, personal 
communication >► the curated Mouse Genome 
Database lists 2,547 unique genes, and an 
analysis at lexicon Genetics identified 2,492 
unique genes (B*Z» unpublished data). Most 
of these knockouts are not readily available to 
scientists who may want to use them in their 
research; for example, only 41$ unique genes 
are represented as targeted mutations in the 
Jackson Laboratory's Induced Mutant 
Resource database (&, Rock wood, personal 
communication ). 

The converging interests of multiple mem- 
bers of the genomics community led to a meet" 
tng to discuss the advisability and feasibility of 



a dedicated project to produce knockout alleles 
for all mouse genes and place them into the 
public domain. The meeting took place from 
30 September to 1 October 2005 at the 
Banbury Conference Center at Cold Spring 
Harbor Laboratory. The attendees of the meet- 
ing are the authors of this paper. 

is a systematic project warranted? 

A coordinated project to systematically knock 
out aD mouse genes is likely to be of enormous 
benefit to the research community, given the 
demonstrated power ofknockou t mice to etud- 
dale gene function, the frequency of unpre- 
dicated phenotypes in knockout mice, the 
potential economies of scale in an organized 
and carefully planned project, and the high cost 
and lack of availability of knockout mice being 
made in current efforts. Moreover, implement- 
ing such a systematic and comprehensive plan 
will greatly accelerate the translation of genome 
sequences into biological insights. Knockout ES 
cells and mice currently available from (he pub- 
lic and private sectors should be incorporated 
into the genome-wide initiative as much as 
possible, although some maybe need to be pro- 
duced again if they were made with suboptimal 
methods (ei£, not inducting a marker) or if 
their use is restricted by intellectual property or 
other constraints The advantages of such a sys- 
tematic and coordinated effort include efficient 
production with reducrdcosts; uniform use of 
knockout methods, allowing for more compa- 
rability between knockout mice; and ready 
access to mice, their derivatives and data to all 
researchers without encumbrance. Solutions id 
the logistical, organizational and informatics 
issues associated with producing, characteriz- 
ing and distributing such a large number of 
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Figes* t Structure of resource production in the proposed KOMR Using the mouse gewma s&enieiicd 
a$ a foundation, knockout alleles in £$ cells will be produced for all genes. A subset of ES Cell 
knockouts win be used each yea* to produce knockout mice, determine the expression pattern of the 
targeted gene in a variety of tissues and carry out screening-level (Tier 1) pnerK) typing, in a subset of 
mouse tines, transcriptome analysis and more detailed system-specific (Tier 2) phenotyping will be 
done. Finally, specialized phenotyping will be done on a smaller number of mouse tinea with 
particularly interesting phenotypes, Alt stages wilt occur within the punriev of the KQMP except for the 

specialized phenotyping, which will occur in individual laboratories with particular expertise. 




mice will draw from the experience of related 
projects in the private sector and in acadcroia, 
which haw made or phenotyped hundreds of 
knockout mice using a variety of techniques. 
Lessons learned from these project* include the 
need for redundancy at each step to mitigate 
pipeline bottlenecks and the need for robust 
informatics systems to track the production, 
analysis, maintenance and distribution of thou- 
sands of targeting constructs, ES cells and mkt 

Null-reporter allele* should be created 
The project should generate alleles that are 
as uniform as possible, to allow efficient pro- 
duction and comparison of mouse pheno- 
t ypes. The alleles should achieve a balance of 
utility, flexibility, throughput and cost. A 
null allele is an indispensable starting point 
for studying the function of every gene, 
inserting a reporter gene (e.g., 3-gaJaetosi- 
dase or green fluorescent protein) allows a 
rapid assessment of which celt types nor- 
mally support the expression of that gene. 
Therefore, we propose to produce a null- 
reporter allele for each gene. Making each 
mutation conditional in nature by adding 
aVclements (*.$., toxP or FKT sites) would 



be desirable, but we do not advocate this as 
part of the mutagenesis strategy unless the 
technological limitations currently associ- 
ated with generating conditional targeted 
mutations on a large scale and in a cost- 
effective bt overcome, 

A combination ot methods should be used 
Various methods can be used to create 
mutated alleles, including gene targeting, 
gene trapping and RNA interference. 
Advantages of conventional gene targeting 
include flexibility in design of alleles, lack of 
limitation to integration hot spots, reliability 
for producing complete loss-of- function alle- 
les, ability to produce reporter knock-ins and 
conditional alleles, and ability to target splice 
variants and alternative promoters, BAO 
based targeting has the potential advantages 
of higher recombination efficiencies and flex- 
ibility for producing complex mutated alle- 
les 1 *. Gene trapping is rapid, is cost-effective 
and produces a targe variety of insertional 
mutations throughout the genome but can be 
somewhat less flexible 17 * 1 *' 11 . There is uncer- 
tainty regarding the percentage of gene traps 
that produce a true null allde and the fraction 



of the genome that can ultimately be covered 
by gene-trap mutations. Trapping is not 
entirely random but shows preference for 
larger transcription units and genes more 
highly expressed in ES ceils. In recent studies, 
gene trapping was estimated to potentially 
produce null alleles for 50-60% of afl genes, 
perhaps more if a variety of gene- trap vectors 
with different insertion characteristics is 
used ,,, ■ i, . RNA interference offers enormous 
promise for analysis of gene function in 
mice 22 but Is not yet siiffidentty developed for 
large-scale production of gene modifications 
capable of reliably producing true null alleles. 
Both gene-targeting and gene-trapping meth- 
ods are suitable for producing large numbers 
of knockout alleles, and, given their comple- 
mentary advantages, a combination of these 
methods should be used to produce the 
genome-wide collection of null -reporter alle- 
les most efficiently. 

What should the deliverables be? 

A genome-wide knockout mouse project 
could deliver to the research community a 
trove of valuable reagents and data, including 
targeting and trapping constructs and vec- 
tors, mutant ES cell lines, live mice, frozen 
sperm, frozen embryos, phenotypie data at a 
variety of levels and detail, and a database 
with data visual i ration and mining tools. At a 
minimum, we believe that a comprehensive 
genome-wide resource of mutant ES cell Hues 
from an inbred strain, each with a different 
gene knocked out, should be produced and 
made available to the community. Choosing 
an inbred line (129/SvEvTac or C57BL/6J), 
and evaluating the alternative of using F t ES 
cells and tetraploid aggregation to provide 
potential time savings, merits additional! sci- 
entific review and discussion 2 *- 24 . ES cells 
should be converted into mice at a rate con- 
sistent with project funding and the ability of 
the worldwide scientific community to ana- 
lyse them. Although the value and cost-effec- 
tiveness of systematically characterizing the 
mice is a matter of debate, a limited set of 
broad and co*t- effective screens, probably 
including assessment of developmental 
lethality, physical examination, basic blood 
tests, and hjstochcmical analysis of reporter 
gene expression, would be useful. More 
detailed phenotyping, based on findings 
from the initial screen or existing knowledge 
of the genes function, could be done at spe- 
cialized centers. Ail ES cell dones and mice 
(as frozen embryo* or sperm) should be 
available to any researcher at minimal cost, 
and all mouse phenotyping and reporter 
expression data should be deposited into a 
public database. 
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lo determining how to implement the pro- 
ject utility to the research community should 
be the standard for judging value. Each step 
after ES cell generation (e,£, mouse creation, 
breeding, expression analysis, phenotyping) 
wiD make the resource useful to more 
researchers but wjH also increase costs and sci- 
entific complexity. We therefore advocate a 
'pyramid* structure for the project (Fig. 1). At 
tie base of the pyramid is the genome- wide 
collection of mutant ES cttb for every mouse 
gene. Over time, a subset of these mutant ES 
cells should be made into mice and character- 
ized with an initial phenotype screen (Tier I; 
Fig, t) and analysis of tissue reporter-gene 
expression, A subset of these lines should be 
profiled by mkroarray analysis* and a subset of 
these profiled by system-specific (Tier 2) phe- 
notyping, based on the results of the 'Her I 
phenotyping, array studies, existing knowl- 
edge of the gene's function and the gene's tissue 
expression pattern. With time, the upper tiers 
of the pyramid will be filled out, eventually 
transforming the pyramid into a cube, with 
Information of all types available for all genes. 

This project will require the resolution of 
numerous intellectual property dairm involv- 
ing the production and use of knockout mice. 
To deal with the existing patents that cover 
the technologies and processes involved in the 
production of mutant mice, we suggest that a 
"patent pool', such as that used in the semi- 
conductor industry 25 , should be generated. 
Several individuals who represent entities that 
control patents on mouse knockout technolo- 
gies are authors on this paper, and they agree 
with this approach. We also agree that any 
mutant ES cells or mice produced should be 
placed immediately in the public domain. 

Mechanisms and costs 

ES cefj production. Automated knockout 
construct and ES cell production should be 
carried out in coordinated centers to ensure 
efficiency and uniformity. We estimate that 
most known mouse genes could be knocked 
out in ES cells within 5 years* using a combina- 
tion of gene-trapping and gene- targeting tech- 
niques. Gene trapping cam produce a large 
number of mutated alleles quickly, but its 
progress should be monitored closely to deter- 
mine when its yield of new genes diminishes 17 
and. therefore, when targeting should be 
increasingly relied on. As large-scale trapping 
projects have already defined gene classes that 
probably cannot be knocked out by trapping 
single-cxon GPCRs, genes that are not 
expressed in ES ecus), we propose that target- 
ing begin on those classes immediately. AH ES 
cdb should be made available to the research 
community, because this collection itself 



would be a valuable resource. Efforts in the 
public and private sectors have already 
knocked out many genes in ES cells, and, to the 
degree that the alleles produced fit the pre- 
scribed characteristics (ie, null alleles with a 
reporter) and are available, every effort should 
be made to incorporate these into the planned 
public resource. Costs for generating this part 
of the resource were estimated at between 
$9-1 1 million/year for five years (these and all 
subsequent figures are direct costs). 

Mouse production. The subset of ES cells 
made into mice each year should be chosen by 
a peer- review process, Central facilities tor 
high -efficiency mouse production, genotyp- 
ing, breeding, maintenance and archiving 
should be funded, to take advantage of effi- 
ciencies of scale in mouse creation and distri- 
bution. Researchers could apply to produce 
groups of mice outside the centers, as long as 
they meet the cost specifications of the pro- 
gram. AH mice should be made available 
immediately to researchers as frozen embryos 
or sperm, for nominal distribution cost. An 
initial target of 500 new mouse lines per year 
would double the current rate at which new 
genes are knocked out in the public sector; we 
(eel that this rate is within the capacity of the 
biomedical research community worldwide 
to absorb and analy?e. We estimated the ini- 
tial cost of this level of mouse production to 
be Si 2.5- 15 million per year, 

Reporter tissue expression analysis. 
Approximately 30 tissues from adult and 
developmental stages should be sampled to 
cover the main organ systems. Analysis meth- 
ods should be customized to the organ system 
and marker, and a searchable database of the 
sites of gene expression, and the Images show- 
ing them, should be produced. Centers to 
carry out these analyses and data duration 
should be selected by peer review. We esti- 
mated the cost of this component for 500 
mouse lines to be $2.5-5 million per year; 
depending on how much tissue sectioning and 
cell-level analysts is done, 

Pheno typing. Tier 1 pbcrtotypmg should 
be a low-cost screen for clear phenotypes and 
should be done on all mouse lines produced. 
Tier t should include home-cage observation, 
physical examination, blood hematological 
and chemistry profiles, and skeletal radi- 
ographs. The centers producing the mice 
should carry out the Iter 1 analyses, at an esti- 
mated cost of $2.5 million per year for 500 
lines. Selected Unes, chosen on the basis of 
findings from Tier I phenotyping, tissue 
expression patterns, mtcroarray data and the 
scientific literature, should undergo more 
detailed and system -focused Tier 2 phenotyp- 
ing. Tier 2 phenotyping should be done in 



specialized phenotyping centers, akin to those 
already in operation tor phenotyping of mice 
produced by ENU mutagenesis. AO Tkr } and 
Her 2 phenotyping should be done on a uni- 
form genetic background by dedicated groups 
of individuals In single locations, to facilitate 
consistency and cross-comparison of results 
among different mouse lines. All Tier ) and 
Tier 2 phenoryping results should be 
deposi ted into a central project database freely 
accessible to the research community. More 
detailed and specialized phenotyping could be 
done by iruirvidual researchers in their own 
laboratories; deposition of this more detailed 
phenotype data would be encouraged 

Transcriptome analysis. Transcriptorne 
profiling of tissues from each knockout line, 
collected in a uniform way across all mice and 
tissues and placed into a searchable relational 
database, would add substantially to the sci- 
entific value of the project, though it would 
also add considerably to its cost 
Transcriptorne analysis should therefore be 
done on a subset of mice, chosen by peer 
review. We estimate that, with the best cur- 
rently available array technology, an analysis 
of ten tissues would cost -$18,000 per line 

Conclusions 

This p roject, tentatively named the Knockout 
Mouse Project (KQMP), wiU be a crucial step 
in harnessing die power of the genome to 
drive biomedical discovery. By creating a 
publicly available resource of knockout mice 
and phenotypic data, KOMP will knock 
down barriers for biologists to use mouse 
geneti cs in their research. The scientific con- 
sensus that we achieved — that a dedicated 
project should be undertaken to produce 
mutant mice for all genes and place them 
into the public domain — is important but is 
only the beginning, implementation of these 
recommendations will require additional 
input from the greater scientific community, 
including those responsible for program* 
matte direction and financial support of bio- 
medical research in the public and private 
sectors. This ambitious and historic initiative 
must be carried out as a collaborative effort 
of the worldwide scientific community, so 
that all can contribute their skills, and all can 
benefit International discussions among sci- 
entific and programmatic stags since the 
Banbury meeting at Cold Spring Harbor, in 
both the public and private sectors, have 
shown that there is great enthusiasm and 
commitment to this vision. The next step for 
KOMP will be to move this visionary plan 
from conceptualization to implementation, 
with an urgency befitting the benefits h will 
bring to science and medicine. 
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Special Topic Overview 

Interpretation of Phenotype in 
Genetically Engineered Mice 



Thomas Doetsehman 

Background and Purport: In mice, genetic engineering involves two general approaches— addition of an ex- 
ogenous gene, resulting in transgenic mice, and use of knockout mice, which have a targeted mutation of an 
endogenous gene. The advantages of these approaches is that questions can he asked about the function of a 
particular gene in a living mammalian organism, taking into account interactions among cells, tissues, and 
organs under normal, disease, injury, and stress situations. 

Method* Review of the literature concentrating principally on knockout mice and questions of unexpected 
phenotypes, lack of phenotype, redundancy, and effect of genetic background on phenotype will be discussed, 

Conclusion: There is little gene redundancy in mammals; knockout phenotypes exist even if none are imme- 
diately apparent; and investigating phenotypes in colonies of mixed genetic background may reveal not only 
more phenotypes, but also may lead to better understanding of the molecular or cellular mechanism underly- 
ing the phenotype and to discovery of modifier gene(s). 



One often hears the comment: that genetically engineered 
mice, especially knockout mice, are not useful because they 
frequently do not yield the expected phenotype, or they donX 
seem to have any phenotype. These expectations are often 
based on years of work, and in some instances, thousands of 
publications of mostly in vitro studies. Examples of unex- 
pected phenotypes, based largely on experience with trans- 
forming growth factor beta (Tgfb) and basic fibroblast 
growth factor iFgfi) knockout and transgenic mice, will be 
presented to discuss possible reasons for unexpected knock- 
out phenotypes. The conclusions will be that the knockout 
phenotypes do, in fact, provide accurate information con* 
cerning gene function, that we should let the unexpected 
phenotypes lead us to the specific cell, tissue, organ culture, 
and whole animal experiments that are relevant to the func- 
tion of the genes in question, and that the absence of pheno- 
type indicates that we have not discovered where or how to 
look for a phenotype. 

Before entering into how one should interpret unexpected 
knockout phenotypes and how one should deal with lack of 
knockout phenotypes, it is necessary to give a brief introduc- 
tion into how knockout mice are made. For detailed informa- 
tion, the following reviews are suggested (1-4). Transgenic 
technology has had a long history; thus, an introducnon to 
that technology will not be given here. Rather, the following 
reviews are suggested (5, 6). At this juncture, it should be 
noted that, although transgenic vertebrates ranging from 
fish to bovids have been produced, knockout technology has 
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to date been successful only in mice, even though embryonii 
stem (ES) cells have been produced from several other spe 
cies, mduding Immster (7), rat (8), rabbit (9, 10), pig (U-13) 
bovine (14, 15), and *ebransh (16). Consequently, tha entire 
discussion will be focused on mice. 

Knockout mice are generated by the injection of geneti 
cally engineered or gene-targeted ES cells into a mouse bias 
tocyst to generate a chimeric embryo, which in turn can pasi 
on the engineered gene to its offspring. ES cell lines are es 
tablished from the inner cell mass of a mouse blastocyst, s< 
that when injected into blastocysts, the ES cells can incor 
porate into the inner cell mass of the recipient blastocysts 
thereby chibnerising them. Subsequent to transfer of the chi 
meric blastocysts into uteri of pseudopregnant mice, chi 
meric mica are born. If the germline of a chimeric mouse ii 

colonized by cells derived from the injected ES cells, the chi 
mera is termed a "germline" chimera. Some of the ofisprinj 
of the germline chimeras will then carry the engineerec 
gene in their genomes. Gene targeting in ES cells usee th< 
ES cells* DNA repair apparatus to bring about homologoui 
recombination between an exogenous DNA fragment trans 
fected into the ES cell and its homologous region in the ge 
nome. Homologous recombination usually results « 
replacement of the endogenous region with the exogenouj 
fragment, thereby altering the endogenous gene in » 
prespeciued manner. There are many variations on this pro 
cedure by which genes can be altered not only to ablate func 
tion, but also to make more subtle mutations (17-19X Sucl 
procedures can be used to introduce point mutations, re 
move specific splicing products* switch isoforms, and human 
ise genes. In addition, technology has recently beei 
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developed to make conditional and inducible knockouts in 
which gene function is ablated either in a developmental!? 
specified tissue (20-22) or in an inducible manner (23-26). 
These techniques, though exciting, will not be further dis- 
cussed* 

Extensive ntmredundancy in the TGFfe family: Sev- 
eral thousand cell culture studies on the three mammalian 
transforming growth factor beta proteins (TGFfJs 1, 2, and 3) 
have implicated these growth and differentiation factors in 
the function of nearly every cell type studied. Expression 
studies indicated unique and overlapping expression of the 
three TGFps (27, 28), For example, overlapping protein local- 
feation was found in all gut epiiheHa, all layers of the skin, all 
three muscle types, kidney tubule^ lung bronchi, cartilage, and 
bone (Sable 1). Together with the fact that all three TGFps sig- 
nal through a common TGP type-JI receptor (Figure 1), these 
data strongly suggest considerable redundancy in function. 
Consequently, it is surprising that, of the >30 phenotypes of the 
three Tgfb knockout mice that we have described (29-31), none 
appear to be overlapping (Table 2), These results indicate ex- 
tensive nonredundancy between TGFp ligands even though 
there is considerable overlap in expression. Of course, these re- 
sults do not rule out the possibility of some redundancy in some 
tissues. Combination of the ligand knockouts would uncover 
such situations, and it is likely that a few will exist, but 30 non- 
overlapping phenotypes for three ligands strongly suggests 
that a vast number of their functions are not redundant 

There are several possible explanations for how there can 
be so much overlap in ligand expression and yet so much 
specific ligand function. First, TGP£b are secreted as latent 
peptides and must be activated before they can bind recep- 
tors (32-35). The mechanism by which this extracellular 
precessing occurs is not well understood and may be differ- 
ent for each TGFp. Hence, ligand processing presumably de- 
termines some functional specificity for the three TGFps. 
Second, there is a third type of TGFp receptor, TGF£R3, that 
can interact with ligand and receptor types I and II before 
cytoplasmic signaling can occur, though involvement of 
TGF{5R3 is not essential for signaling (36-38). Association 
with type III receptors is thought to enhance some TGFpRl 
and 2fligand interactions. Upon ligand binding, the serine/ 
threonine receptor TGF0R2 then associates with and phos- 
phorylates the transmembrane serine/threonine receptor 
TGFpRl* which in turn initiates a phosphorylation-medi- 
ated signaling cascade. Hence* combinatorial receptor/ligand 
interactions will also determine functional specificity Third, 
signaling from TGFpRl can occur through two cytoplasmic 
signaling proteins called SMAD2 and 3 (39, 40) and. per- 
haps, through a third called SMAD5 (41). In addition, 
SMAD6 and 7 can also interact with the other SMADs to in- 
hibit signaling (42-44). Hence, differential SMAD protein 
interactions with transcriptional machinery will probably 
also determine functional specificity for the three TGFp 
ligands. Finally, there may be several non-transcriptional 
signaling pathways for TGFps. For example, we have found 
that TGFpi-deficient platelets from Tgfbl knockout mice 
have impaired platelet aggregation that can be restored by 
incubating isolated platelets with recombinant TGFpl (un- 
published observations). Because platelets do not have a 
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Table 1. Protein expression ^transforming grwth factor beta <TG^> 
l t 2, end 3 

TtomfoP type TOPS I TGFB3 TCFB3 
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Tlio polyclonal antibodies used wore specific for residues 4-19 of TGFB1 
and 2 and residues 9-20 oFTGFfi3. The avidin-biotin system was used 
for staining Data obtained from immunehistochemical Btotfy of Pelton 
B t al. <2S).JReproduced from The Journal of C^U Biotogy, 1991,115: 1091- 
1105, by copyright permission of The Rockefeller University Press. 

nucleus, there must exist a signaling pathway that is 
nontransmptional. In summary, given the complexities of 
ligand processing, receptor interactions, and signaling path- 
ways* it becomes clear why redundancy in TGF1, 2, and 3 
function has not been detected at the whole animal level, 
even though there is considerable overlap in expression of 
Tgfb gone femily members. Consequently, if other gene fami- 
lies function with similar complexity, it is likely that, in the 
final analysis, little functional redundancy will be found 
within gene families. 

Two striking examples of apparent functional redundancy 
are worth considering. The first involves myogenic genes, 
and the second involves retinoic acid receptors. Contrary to 
early interpretations, redundancy does not now appear to be 
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Figure 1* TGFp signaling pathway The TGFp ligands, TGFpl (pi), TGFp2 <p2), and TGFp3 (p3), exist primarily in a latent form in vivo 
and are activated by mechanisms not yet clear. In general, TGFp2 interacts with a TGFp type III receptor (RIID before interaction with 
TGFP type II (RH) and TQFp type I (RT) receptors; whereas, the TGFp 1 and TGFp3 Uganda can interact directly with the type 11 receptor. 
The ligand receptor complexes can then associate with several cytoplasmic molecules, famesyl protein transferase (FPTI and FK506 
binding protein-12 (FKBP-12), being two potential examples. The receptor^Hgand complex signals to the nucleus through threonine/ 
serine phosphorylaHoo of a series of SMAD proteins (related to the Drosophila 'mothers against deeapentaplegic" protein) which then 
elicit transciptional regulation of extacellular matrix, ceil cycle, differentiation and growth factor ictQptor genes. The roles of the assori- 
afced cytopJasmic molecules FPT and FKBP-1^ are not clear but are thought to involve RAS pathway signaling and modulation of signal- 
ing through the SMAD proteins. 



the case for two of the myogenic genes known to be essential 
for specification of vertebrate skeletal muscle, Myod and 
Myf5. Even though the individual knockouts have muscle, 
and only the combined knockouts do not have muscle (45), it 
is now dear that each gene functions in the specification of 
distinct muscle cell lineages. Consequently in the absence of 
one source of muscle cells, the other source may compensate 
for that (4£, 47). This should be termed developmental com- 
pensation, rather than gene redundancy On the other hand, 
with respect to retinoic acid receptors, there is also good evi- 
dence for functional redundancy. Similar to the myogenic 
genes, retinoic acid receptor gene knockout mice have few 
phenotypes, whereas the combined knockouts have many 
phenotypes (48, 49). Whether this turns out to he gene re- 
dundancy or another case of developmental compensation 
remains to be detenmned. 



Lack of phenotype: As is the case for TGF^, there also is 
a multitude of reports indicating that the FGFs 1 and 2 have 
important roles in numerous cell types and tissues. Conse- 
quently, when the Fgf2 gene was knocked out by gene tarr 
gating, it was quite surprising that there was no obvious 
phenotype (50), The FgfZ** arn'mals live a long, healthy life, 
and fertility and fecundity are normal. Even the pituitary 
gland, which is the best source of FGF2, appears not to have 
morphologic defects. The only evidence for any developmen- 
tal abnormalities is found in hematopoiesis (SD), where 
blood platelet counts are high, and in the cerebral cortex (51, 
52), where morphometrtc analysis reveals decreased cell 
density. Clearly, these abnormalities are minor, compared 
with expectations, This was all the more evident because our 
transgenic mice, in which the human FGF2 gene was ubiq- 
uitously overexpressed by the phosphogly cerate kinase pro- 
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Table 2. NonoYerlapulng pheaotypts! of Tgfbh 5 f and J knockout mice 
and the penetrance of thoso phenotypea 

Knockout mouse pheaatypg Penetrance (g£ 

Embryo lethalities 

Prdcaplantation lethality 

Yolk bbc lethality 

Adult phenotjpea 

Multifocal autoimmunity 

Platelet defect 

Colon cancer 

Failing heart 
Tgfb2 (all perinatal lethalities) 
Heart defects 

Ventricular septum defects 

Dual outlet right ventricle 

Dual inlet loft ventricle 
Inner ear defect— lack* Spiral limbus 
Byes 

Qcutor hypercellularity 

Reduced corneal stroma 
Urogenital deflects in kidney 

Dilated renal pelvis 

Agenesis (females only) 

Uterine horn ectopia 

TfestienJar ectopia 

Testis hypoplasia 

Vaa deferens dysgenesis 
Long-postnatal 

Dilated conducting airways 

Collapsed bronchioles 
Skeletal defects 

Occipital bane 

Perietal bone 

Squamous bone 

Palatine bone <eleft palate! 

AUfiphenoid bone 

Mandibular defects 

Snort radius and uhvo 

Missing deltoid tuberosity and third tnwbaater 
Sternum malformations 
H»b barreling 
Rib fuse ns 
Spina bifida 
Tgfb3 (perinatal lethality ) 
Cleft palate 



50 
50 
50* 
50 
100* 

100** 
1(MH 

100 
94 
19 

as 

100 

100 
100 

30 
20 
40 
100 
20 
20 

100 
100 

100 
100 
100 
22 
100 
100 
100 
04 
25 
94 
13 
100 

100 



•See Tab!* 3 for background dependency of T&bl knockout pfceootypea. 
^Described in references 67. 

•Refers to percentage penetrance among animals the* survive to birtb. 
^Unpublished observations. 

Details on the remaininff phenotype* can be found in the text and in ref- 
erences ZS-3t, 63. 

moter (53) t bad very abort legs, suggesting an important role 
of FGP2 in bone development, yet the bones of the knockout 
animals were normal. This apparent discrepancy between 
the transgenic and knockout mice indicates that some other 
FGF signals through the same FGF receptor as does FGF2, 
and that tibis other FGF is the true ligand that is important 
in bone development. Another possibility is that there is "de- 
velopmental compensation- , by alternative mechanisms. In 
other words, the absence of FGF2 may cause developmental 
abnormalities during bone development that are then com- 
pensated for by another developmental pathway This alter- 
native would not necessarily require a different FGF to be 
involved. 

After we had made our first analysis of the Fgf2 knockout 
mouse and did not find an obvious phenotype, it was easy to 
explain the lack of phenotype" by invoking redundancy be- 
cause there are at least IS known Fgf genes. But in hind- 
sight, it now appears more likely that all members of this 
large gene family have specific functions, even though they 



signal through receptors encoded by only four receptor genes 
(54). In FgfZ knockout mice, evidence was not found for up- 
regulation of the two ligunds most structurally related to 
FGF2, namely, FGFs 1 and 5 (50). Also, genetic combination 
of Fgf2 and FgfB (50) did not reveal redundancy between 
these similar genes. In addition, further analysis of the 
mice revealed roles being played in hematopoiesis and 
vascular tone control (50) as well as in brain development 
and wound healing (51 4 52). Finally, in addition to Fg(2, 
Fgfs 3-5, 7, 8 also have been ablated by gene targeting, re- 
vealing functions in proliferation of the inner cell mass 
(Fgf4) (55); gastrulation and cardiac, craniofacial, fore- 
brain, midbrain, and cerebellar development (Fg/B) (56); 
brain and inner ear development (FgfS) (57, 58); and two 
aspects of hair development (Fgfb and 7) (59, 60). Tb date, 
comparison of Fgf knockout phenotypes from 6 of the IB 
Fgf gems has not toned up overlap except possibly in the 
cerebellum. Together, these results indicate that each 
gene has important unique functions. Although a few re- 
dundant functions may eventually be found on combina- 
tion of Fgfi with all other Fgfs except Fgf5, it is clear that 
6 of the 18 Fgf genes studied by gene targeting have been 
associated with essentially unique knockout phenotypes. 

To summarize, what originally appeared as "lack of pheno- 
type* led many of us to the premature conclusion that other 
FGFs must have functions redundant to those of FGF2. 
However, further analysis of Fgf2 knockout mice has since 
revealed a wealth of unique functions ranging ten thromb- 
ocytosis and vascular tone control (50) to brain development 
and wound healing (51, 52). It is my expectation that further 
physiologic analysis of the Fgf2 knockout mouse will reveal 
functions in the hypertrophic response to hypertension and 
responses to ischemia^reperfusion injury and bone injury In 
the final analysis, it is likely that the major roles of FGF2 
may have less to do with getting us to birth than with keep- 
ing us alive alter birth, whereas several other FGFs clearly 
have developmental roles. 

Effects of genetic background on phenotypic varia- 
tion: From 100 years of mouse genetics, it has become clear 
that genetic background plays an important role in the sus- 
ceptibility of mice to many disorders. Therefore, the pheno- 
types of knockout mouse strains will also have genetic 
background dependencies, as was first documented by the 
Msupuson and Wagner groups (61. 62). The Tgfbl knockout 
mice are an exceptional case to point (lable 3). On a mixed 
(50:50) 129 x CF1 background (CF1 is a partially outbred 
strain), about half of Tgfb 1 knockout mice die from a preun- 
plantaUon developmental defect (63), and the other half die 
of an autoimmune-like multifocal inflammatory disease at 
about weaning age (29). If the targeted Tgfbl allele is back- 
crossed onto a C57BU6 background, 99% of all knockout 
animals die of the preimplantation defect^). However, if a 
Tgfbl knockout allele is put onto a muted 129 x NIH/Ola x 
C57BI/6 background, embryo lethality is observed during 
yolk sac development, not during preimplantation develop- 
ment (64). With respect to the multifocal inflammatory dis- 
order of Tgfbl knockout mice, if the targeted allele is put 
onto a 129 x CF1 mixed background (50:50), severe inflam- 
mation exists only in the stomach (29); on the mixed 129 x 
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T»b!e 8. Background dependency of Tjgfbt knockout phenofcjpeg 
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NIH/Ola x C57BL/6 background, the intestines are more se- 
verely inflamed than is the stomach (65). Finally* on a pre- 
dominantly 129 background (129 x CFl; -97:3), Tgfbl 
knockout mice develop colon cancer if the mflanuna tory dis- 
order can be ehminated by other genetic manipulations that 
render the mice immunodeficient (unpublished observa- 
tions). However, on a predominantly C3H background, im- 
munodeficient Tgfbl knockout mice do not develop colon 
cancer (G6). These results suggest that modifier genes exist 
that can significantly affect the function of TGFpi in pmm- 
plantation development, yolk sac development, bowel and 
gastric inflammation, and colon tumor suppression. 
Progress toward localising a modifier gene for the yolk sac 
developmental problem has been made (67). 

What is the best genetic background for knockout 
mice? Because background-dependent phenotypic variabil- 
ity will likely be found for most knockout mice, it will be use- 
ful to backcross a targeted allele onto several mouse 
backgrounds to make congenic strains. In this section, it will 
be argued that putting a targeted allele on a mixed strain 
background will also provide useful information. This is not 
to say that congenic strains are not useful Rather, the point 
to be made here is that there also are benefits to looking at 
mixed strain backgrounds. Again, our experience with Tgfb 
knockout mice will be instructive. 

Generating homozygous mutant knockout animals on a 
mixed genetic backgraiuid is foster. The ES cells are nearly 
always from a 129 strain, and the blastocysts into which the 
targeted ES cells are injected are nearly always C57BL/6. 
For reasons unknown, this is a good combination for estab- 
lishing germiine transmission of the injected ES cells. The 
resulting chimeras can then be crossed with any strain de- 
sired, but 129, C57BL/6, or Black Swiss mice are most ofben 
used, and GF1 mice were used in the case of our Tgfbl 
knockout mice. Heterozygous offspring from this crossing 
will then be inbred 129 or Fl hybrids of 129 and one of the 
other strains. Clearly then, the quickest route to having the 
knockout allele on an inhred strain is through 129. For the 
other strains several generations of backcrossmg is re- 
quired, which can take well over a year. Unfortunately, 
strain-129 mice have low fertility and fecundity. Conse- 
quently, the number of offspring per litter is usually fewer 
than six. Although 129 x C57BL/6 hybrids are more robust, 
upon backcrossing onto C57BL/6, litter size decreases. Tb 
the contrary, the Black Swiss and CFl strains are robust, 
and litter size often is in excess of 12. The reason for this is 
probably because they are not truly inbred strains, but 



rather are partially outbred through random breeding 
within their respective strains. Therefore, one of the choices 
one has is to stay with *pure° genetics at the expense of a 
lower production rate and considerable delay before genera- 
tion of eaqpeiimental animals, or sacrifice some genetic pu- 
rity to obtain a more efficient production colony Ideally, one 
would want to do both, but this often is too expensive. 

Mixed genetic background knockout mice often have a 
wider range of phenotypes. The Tgfbl knockout mice back- 
crossed onto either the 129 or C57BL/6 background 
(congenies) yield only embryo lethality (63, unpublished ob- 
servations). On the other band, when the knockout allele is 
maintained on mixed genetic backgrounds, embryo and 
adult phenotypes are maintained. 

The Tgfb2 & Tgfb3 knockout mice provide further ex- 
amples. The Tgfb2 knockout mice have more than two dozen 
congenital defects and die either immediately preceding or 
during birth, or within 2 h thereafter (30), Table 2 indicates 
that most of the phenotypes are only partiaDy penetrant. 
Though it is not documented, it is likely that the penetrance 
of some of these phenotypes would increase to nearly 100%, 
and some of the other phenotypes would disappear were we 
to put the Tgfb2 knockout allele on inbred backgrounds. 
Hence, the mixed strain background probably provided more 
information than would congenic strains. 

The TgfbS knockout mice have a cleft palate (31). One 
colony of TgfbS knockout mice was left as a mixed back- 
ground (129 x CFl; 50:50) strain, whereas another colony 
was backcrossed several generations to the C57BL/6 strain. 
These two colonies had considerable expressivity differ- 
ences; the inbred colony had more severe clefting than did 
the mixed background colony In the latter, expressivity of 
clefting varied widely from animal to animal. This variable 
expressivity within the mixed background colony provided 
us with the opportunity to obtain far more data on develop- 
ment of the cleft palate and was, therefore, more useful for 
making assumptions about the cellular and molecular 
mechanisms by which TGF(*3 supports palate fusion. Hence, 
using the TgfbS knockout mice, the mixed strain background 
provided more information than did the congenic strain. 
Consequently, a wider range of penetrance and expressivity 
of phenotype is a major advantage of investigating knockout 
phenotypes in mixed background colonies. Further; variable 
penetrance of phenotype in a mixed background colony sug- 
gests that there are modifier genes for each phenotype that 
could be obtained by linkage studies. 
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Conclusions 

Questions have been addressed that arose from the last 8 
years in which knockout rake have been investigated to ana- 
lyze gene function at the whole animal level These questions 
concern gene redundancy apparent lack of phenotype in a sur- 
prising number of knockout strains, and effects of genetic back- 
ground on knockout phenotype. Using data obtained 
principally from Tgfb and F^/ knockout mice, it is argued that 
there is probably little redundancy in the genome (i.e., that few 
genes are dispensable for survival of (he species). Apparent 
lack of phenoiype more likely refkcts our inability to ask the 
right questions, or our lack of tools to answer them, than it does 
a true lack qf function. Finally, discussion of genetic back- 
ground phenotype variability, including variable penetrance 
and expressivity was used to present some of the advantages of 
working with mixed genetic background colonies of knockout 
mica For all the examples given here, there are counter ex- 
amples that must be taken seriously; consequently, these argu- 
ment must not be taken as absolutes. For example, ifagenein 
a particular mouse strain has recently been duplicated, it will 
most likely be redundant. If one is studying tissue rejection in 
a knockout mouse, the genetic background obviously must be 
well denned and preferably mbred. Or, if one wants to use the 
susceptibility of a particular mouse strain to cancer to investi- 
gate the function of the knockout gene in progression of that 
cancer, the knockout allele must be put on that mouse strain. 
In general, however, when setting up approaches for investigat- 
ing a new gene knockout mouse, I believe one would be well 
advised to assume that: there is little gene redundancy in 
mammals; there are knockout phenorypeB even if none are im- 
mediately apparent; and investigating phenotypes in mixed 
genetic background colonies may not only reveal more pheno- 
types, but may lead to better understanding of 
cellular mechanism underlying the phenotype, and may lead to 
modifier gene discovery. 
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the target gene in a particular place or at a particular rime. The most common of 
these recombination systems called Cre/Iox, is widely used to engineer gene 
replacements in mice and in plants (see Figure 5-82). ui this case the target gene 
in ES cells is replaced by a fully functional version of the gene that is flanked by 
a pair of the short DNA sequences, called lox sites, that are recognized by the 
Cre recombinase protein. The transgenic mice that result are phenotypicalry 
normal. They are then mated with transgenic mice that express the Cre recom- 
binase gene under the control of an inducible promoter. In the specific cells or 
tissues in which Cre is switched on, It catalyzes recombination between the lox 
sequences — excising a target gene and eliminating its activity. Similar recombi- 
nation systems are used to generate conditional mutants in Drosophila (see 
Figure 21-48). 
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Figure 8-70 Summary of the 
procedure* used for making; gene 
replacements in mice. In the first step 
(A), an altered version of the gene H 
introduced into cultured ES {embryonic ! 
stem) cell*. Only a few rare ES cells *$ 
have their corresponding normal genes ; 
replaced by the altered gene through a 
homologous recombination event 
Although the procedure Is often libcrtou* 
these rare ceils can be identified and 
cultured to produce many descendants, 
each of which carries an altered gene in ' 
place of one of its two normal 
corresponding genes. In the next step of 
the procedure (B), these altered ES cefe 
are injected into a very early mouse 
embryo; the cells are incorporated into 
the growing embryo, and a mouse 
produced by such an embryo will contain 
some somadc celts (indicated by omn^e) 
that carry the altered gene. Some of these 
mice will also contain germ-line ceils that 
contain the altered gene. When bred with 
a normal mouse, some of the progeny of 
these mice will contain the altered gene is 
all of their cells, if two such mice are in 
cum bred (not shown), some of the 
progeny will contain two altered genes 
(one on each chromosome) in ail of their 
cells. 

If the original gene alteration complete* 
inactivates the function of the gene, these, 
mice are known as knockout mice. When 
such mke are missing genes that funa** 1 
during development they often die with 
specific defects long before they reach 
adulthood These defects are careful^ 
analyzed to help decipher the normal 
function of the missing gene. 
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Transgenic Plants Are Important for Both Cell 
p,^ and Agriculture . 

a plant is damaged, it can often repair itself by a process in which mature 
^ffereotiated cells "dedifferentiate,* proliferate, and then redifferentiate into 
0 iher cell types. In some circumstances the dedifferentiated cells can even form 
a0 apical meristem, which can then give rise to an entire new plant, including 
gjjjietes. This remarkable plasticity of plant cells can be exploited to generate 
^jjsgcruc plants from cells growing in culture. 

When a piece of plant tissue is cultured in a sterile medium containing 
nUtr jents and appropriate growth regulators, many of the cells are stimulated to 
pjojjferate indefinitely in a disorganized manner, producing a mass of relatively 
[^differentiated cells called a callus, If the nutrients and growth regulators are 
catffufiy manipulated, one can induce the formation of a shoot and then root 
apical meristems within the callus, and, in many species, a whole new plant can 
be regenerated. 

Callus cultures can also be mechanically dissociated into single cells, which 
trill grow and divide as a suspension culture. In several plants — including 
tobacco, petunia, carrot, potato, and Ambidapsis — a single cell from such a sus- 
pension culture can be grown into a small clump (a clone) from which a whole 
plant can be regenerated. Such a cell, which has the ability to give rise to all parts 
of the organism, is considered totipoten t Just as mutant mice can be derived by 
genetic manipulation of embryonic stem cells in culture, so transgenic plants 
can be created from single totipotent plant cells transacted with DNA in culture 
(Figure 8-72). 

Hie ability to produce transgenic plants has greatly accelerated progress in 
many areas of plant cell biology. It has had an important role, for example, in iso- 
lating receptors for growth regulators and in analyzing the mechanisms of mor- 
phogenesis and of gene expression in plants. It has also opened up many new 
possibilities in agriculture that could benefit both the farmer and the consumer, 
fthas made it possible, for example, to modify the lipid, starch, and protein stor- 
age reserved in seeds, to impart pest and virus resistance to plants, and to create 
modified plants that tolerate extreme habitats such as salt marshes or water- 
stressed soil. 

Many of the major advances in understanding animal development have 
come from studies on the fruit fly Drosophila and the nematode worm 
Caenorhabditis elegans, which are amenable to extensive genetic analysis as well 
as to experimental manipulation. Progress in plant developmental biology has, 
in the past, been relatively slow by comparison. Many of the plants that have 
proved most amenable to genetic analysis— such as maize and tomato— have 
long life cycles and very large genomes, making both classical and molecular 
genetic analysis time -consuming. Increasing attention is consequently being 
paid to a fast-growing small weed, the common wall cress (Arabidopsts 
thaliana), which has several major advantages as a "model plant* (see Figures 
1-46 and 21-107). The relatively small Arabidopsis genome was the first plant 
genome to be completely sequenced. 




Figure 8-7 1 House with an 
engineered defect in fibroblast 
growth factor 5 (FCF5). FGF5 a a 
negative regulator of hair formation. In i 
mouse lacking (right), the hair is long 
compared with hs heterozygous Irttermate 
(teft).Transgenic mice with phenotypes 
chat mtmfc aspects of a variety of human 
disorders, including Ahthefenert disease, 
atherosclerosis, diabetes, cystic fibrosis, 
and some type of cancers, have been 
genemedThejr study may lead to the 
development of more effective treatments. 
(Courtesy of Gail Martin, from J.M Hebert 
etaCCd? 78:1017-1025, IWi© Elsevier.) 



l-arge Collections of Tagged Knockouts Provide a Tool for 
Examining the Function of Every Gene in an Organism 

^tensive collaborative efforts are underway to generate comprehensive libraries 
of mutations in several model organisms, including S. cerevisiae, C. elegans, 
tovsophila, Arabidopsis, and the mouse. The ultimate aim in each case is to pro- 
*«e a collection of mutant strains in which every gene in the organism has 
*fcer been systematically deleted, or altered such that it can be conditionally 
jjj^tipted. Collections of this type will provide an invaluable tool for investigat- 
es gene function on a genomic scale. In some cases, each of the individual 
Brants within the collection will sport a distinct molecular tag— a unique DNA 
Se ** uen ce designed to make identification of the altered gene rapid and routine 
- to S. cerevisiae, the task of generating a set of 6000 mutants, each missing 
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which exogenous DNA is introduced from a bacterium 
into a host eel!. The mechanism resembles that of bac 
tcrial conjugation, Expression of the bacterial DNA in 
its new host changes the phenotype of the cell. In the 
example of the bacterium Agrofacierium tumefucitns, 
the result is to induce tumor formation by an infected 
plant cell 

Alterations in the relative proportions of compo- 
nents of the genome during somatic development 
occur to allow insect larvae to increase the number of 
copies of certain genes. Arid the occasional amplifica- 
tion of genes in cultured mammalian cells is indicated 
by our ability to select variant cells with an increased 
copy number of some genes. Initiated within the 
genome, the amplification event can create additional 
copes of a gene that survive in either mtjachromoso- 
mat or extrachromosomal form. 

When extraneous DNA is introduced into enkary^ 
otk cells, it may give rise to extrachromosomal forms 
or may be integrated into the genome The relationship 
between the cxtrachj*>mo^^ j $ 
irregular, dqjertding on chance and to some degree un- 
predictable events, rather than resembling the regular 
interchange between free and integrated forms of bae~ 
tcrial piasmids. 



Yet, however accomplished, the process may lead to 
stable change in the genome; foltowing its injection 
into animal eggs, DNA may even be mcorporated into 
the genome and inherited thereafter as a normal com 
ponent* sometimes continuing to function, Ejected 
DNA may enter the gerraline as well as the soma, ere* 
log a transgenic animal, The abEbty tp introduce sp* 
ark genes that function in an appropriate rnaoner 
could become a major medical technique for curb* 
genetic diseases, * * 

The converse of the introduction of new genes h 
the ability to disrupt specific endogenous 
Additional DNA can be introduced within a gene to 
prevent its expression and to generate a mill allele 
Breeding from an animal with a null allele can generate 
a homozygous "knockout- which has no active copy of 
the gene. This is a powerful method to investigate d> 
recti>* the importance and function of a gene. 

Considerable manipulation of DNA sequences 
therefore is achieved both in authentic situations and 
by experimental fiat. We are only just beginning to 
work out the mechanisms that permit the ceil to re- 
spond to selective r>rcssure by changing its bank of se- 
quences or that allow it to accommodate the intrusion 
of additional sequences. 



The mating pathway is triggered by signal 
transduction 



npKE yeast S. eervwmc can propagate happily in ed~ 
X ther the haploid or diploid condition. Conversion 
between these states takes place by mating (fusion of 
haploid spores to give a diploid) and by spoliation 
(meiosis of diploids to give haploid spores), the ability 
to engage in these activities is determined by the mat- 
ing type of the strain, 

The properties of the two mating types arc sum- 
marked hi Figure 17,1. We may view them as test- 
ing on the theological proposition that there is no 
point in mating unless the haploids are of different 
genetic types; and sportdation is productive only 
when the diploid is heterozygous and thus can cer> 
erate recombinants. 

The mating type of a (haploid) cell is determined by 
the genetic information present at the MAT locus. Cells 
that carry the MATu allele at this locus are type a; like- 



wise, celb that carry the MATa attele are type cl Cells 
ot opposite type can mate; cells of the same type 
cannot, 

Recognition of ceils of opposite mating type is 
; naur* «7.t Mating typo c^t^ severaj activities, - 



MATS 



"arc****.. 



a ; 
yes 

Sponjtetkxn no 
Pherornono a factor 



MATa 

no : 
factor 



MTAJMATa 

a/a 
no 
ye© 
none 
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Preface 



Over the past ten years it has become possible to malt© essentially any muta- 
tion In the germane of mice by utilizing recombination and embryonic stem 
(£S) ccUs. Homologous recombination when applied tr> altering specific 
endogenous genes, referred to as gene targeting, provides the highest level of 
control over producing mutations in cloned genes, When this is combined with 
ate specific recombination, a wide range of mutations cat! be r*roduced. BS cell 
lines are remarkable since after being established irom a blastocyst, they can 
be cuftuTcd and manipolated relatively easily in vitro and still maintain their 
ability to step back into a normal devctopraenfai pro-am when returned to a 
prc-imptantation embryo, With the exponential mcrcasc in the number of 
genes identified by various genome projects a»d genetic screens, U has become 
imperative that efficient methods be developed lor determinism gene function, 
Genetargetmgm 

a mammalian organism. Gene trap approaches in BS cells, in particular when 
they are combined with sophisticated firescreens, offer not only a route to gene 
discovery, but also to gain informal ton on gpoe sequence, expression and 
mutant pbenotype- 

The basic technology necessary for rnakmg designer mutations in mice has 
become widespread and researchera who have tramttoxiafty used cell biology 
or molecular experiments are adding gene targeting tecjoniqiies to 
totre of expcrimral approaches. A second eo^hon olf this book was written for 
two main reasons, The first was to update previously described techniques and 
to add new techniques that have greatly expanded the types of mutations that 
can be made using lecomHnation in ES ccH*. A chapter in this new edition 
describes the design and use of site sped Ac recombination for gene targeting 
approaches and production of conditional imitations, Hie second reason for 
the new book was to provide a more in depth discussion of the experimental 
design considerations that are critical to a successful gene targeting Study and 
to add approaches for analyzing mutant phenotypess the most interesting 
part of an experiment- Gene targeting experiments should be designed to 
go far beyond just making a mutant mouse, Tne success of a gene targeting 
experiment no longer tics in the making of the mutation, hut depends on the 
imaginative and insightful analysis of the mutant pbeootypes that the mutation 
provides. A chapter in this emotion describes the use of classical genetics in 
combination with gene targeting to get the most out of a genetic approach to a 
biological question. 

The nature of in vivo gene targeting studies of gene function are such that 
critical design decisions most be made at every step in the experiment, and 
each decision can have a major impact on the value of the information 
c*t*uned\ From the start, the type of mutation to be made must be considered 
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carefully. Whereas 10 years ago most mutations were designed to create null 
mutatioos and were therefore relatively simple to design, at present, a null 
mutation is only one of a long list Of mutations that can be made* each provid- 
ing different insight into the function of a gene* Point mutations, large dele- 
tions, gene exchanges (kaocMns) and conditional mutations are but a few of 
the choices one faces at the start of a gene targeting experiment The next 
choke ts the source of DN A for the targeting experiment and ES cell tine to be 
used for the manipulations. Once the mutant BS cell clone has been obtained, 
there arc then a number of alternative approaches thai can be used to make 
ES cell chimeras that depend on the BS cell Kate which was used Finally, and 
most importantly, is the analysis of any pheno type that arises. This second 
addition discusses techniques used to analyze mutant mice, ranging from stan- 
dard descriptive evaluation, to a chimera analysis or complicated breeding 
experiments that utilize double mutants. If mice are simply considered as a 
*bag of cells* or an in vivo source of selected oeB types* then the tremendous 
resource which mice offer as a model organism is not being realised. The life of 
a mouse represents a continuum of dynamic processes, including pattern for- 
mation, organ development learning, homeostasis and disease. By making 
genetic alterations in mice using gene targeting and ES celts, die effects of a 
given change can be studied m the context of the whole organism. 

My goal in editing this book was to provide a manual that could take a new- 
comer to the exciting field of gene targeting and mutant analysis in mice from a 
cloned gene to a basic understanding of the genetic approaches available using 
ES cells, and how each tedinlque can j|e iised to design a particular in vivo test 
of gene function. The book should also provide a valuable bench side resource 
for anyone carrying out gene targeting or gcoic trap experiments, a chimera 
analysis or classical genetic approaches, f would once again like to extend 
many thanks and my deepest appreciation to all the authors for their great 
efforts In including detaled pmtocols and JocUJ d&scnssfofts of the various 
approaches presented I .would also Eke to thank my family for their strong 
support and laboratory members past and present for helping to make gene 
targeting a reality. Finally, since many of the techniques use mice, the experi- 
ments should be carried out m accordance with local regulations. 

New York, NY AXJ. 
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Gene targeting, principles, and 
practice in mammalian cells 

PAUL HASTY, ALEJANDRO ABU IN, RtwJ ALLAN BRADLBY 

1* Introduction 

When a fragment of genomic DN A is introduced into a mammalian cell it can 
locate and rccorobme with the endogenous homologous sequences* This type 
of homologous recombination, fenown as gene targeting, & the subject of this 
chapter. Gene targeting has been widely used, particularly in mouse em- 
bryonk stem (ES) ceils, to make a variety of mutations in many different loci 
SO (hat the phenotypic consequences of specific genetic modifications can be 
*^c4 in the organism 

The first experimental evidence for the occurrence of gene targeting in 
raamnialian ccBs was made 11$% a fibroblast cell line with a selectable 
artificial locus by Lin et aL {!)„ and was subsequently demonstrated to occur at 
tne endogenous 0-giobin gene by Smithies tt al in erythroleukaemia ceils (2). 
In general the frequencies of gene targeting in mammalian cells are relatively 
low compared to yeast cells and fhis is probably related to,at least m part,* 
competing pathway: efficient integration of the transfectcd DNA into a ran- 
dom duwirasinaj site, The relative ratio of targeted to random iutcgrau&a 
events will determine the ease with which targeted clones are identified in a 
gene targeting experiment. This chapter details aspects of vector design which 
can determine the efficiency of recombination, type of mutation that may 
be generated in the target locus, as weB as the selection and screening 
strategies which can be used to identify clones of ES cells with the desired 
targeted modification. Since the most common eipeiimemal strategy is to 
ablate the function of a target gene (watf eliek) by tntroo%*cmg a selectable 
marker gene, we imtlaljy describe the vectors and the selection schemes which 
are helpful in the identification of recombinant clones (Sections 2-5). In 
Section 6, we describe the vectors and additional considerations for gener- 
ating subtle mutations in a target locus devoid of any exogenous sequences. 
Finally, Section 7 Is dedicated to the use of gene targeting as a method to 
express exogenous genes from specific endogenous regulatory elements in 
vivo, also known as 'knock-in* strategies. 



V Gtme tar$vtin& principles, and pmetic* in mammalian ce/ls 
enrich populations of transfeeted cells for targeted integration events (Section 

2,1 Design confederations of a replflc&ittent vector 
The pttwapal consjderarioo id the design of a replacement vector, is the type 
of mutation geaeratcd. Secondary (yet stui important) conadcratiorts relate 
to <h§ selection scheme and screening techniques remixed to isolate the re- 
combinant clones. The recombinant alleles generated by replacement vectors 
typically have a selection cassette friserted into a coding exoo or replacing part 
of the locus. It il important to consider that exoa rntemiptions and small 
deleti&^ 

a tis/tejffi to confirm that the allele which has 

keen ^enetalcd is null by RN A and^or protein analysis and in many cases 
taurscfi§ten^ a mutant allele can be detected. 

Gendering that ■ j^itofli ; S^ : ''lhe mutated locus may have some function 
(normal or abnormal) it is Mpoftant to design a reptaceraent vector so that 
the targeted afleie is null, particularly in the absence of a good assay for the 
gene product. Disruption Of deletion of the coding sequence by the positive 
selection marker wiB in most instances ablate a gene's function* However In 
some situations a truncated protein may be generated which retains some 
biological activity, thus some knowledge of mutations in a related gene in 
soother organism can be belpful in the determination of the possible function 
of a targeted allele. Null alleles are more likely to occur by deleting or 
reeomtnning a selection cassette into more 5' exons rather than axons that 
encode the Oterminus of the protein* since tinder these circumstances 
mramial portions of the wildHype polypeptide would be made. 

There arc several considerations to tal&e into account when a positive 
selection market is to be inserted into m axon. One critical consideration is ' 
thai since the length of an exott can influence UN A gpMng 0\ m artificially 
large exoa caused by the insertion of a selectable marker may not be 
recognized by the splicing mactunery and eouM be skipped. Thus, transcripts 
initiated from the endogenous promoter may delete the mutated axon from 
the mRNA species or even additional exons. U a skipped exoa is a coding 
exoi whose nucleotide length is not a multiple of three (codou) the net result 
will he both a deletion and a frame-shift mutation of the gene, whkh will 
often generate a nuD allele- However, if the disrupted coding exon has a 
nucleotide length which is a multiple of three, it spliced out, this would result 
in 8 protein With a small in frame deletion which may re lain partial or com- 
plete function, Hie same concept applies to gene targeting vectors in which 
axons are being deleted and replaced by the selectable marker . Deletion of an 
exon or group of exons with a unit number of codofts may also result in a 
functional protein product with an in-frame deletion. For most purposes it is 
advisable to delete portions or all of the target gene so that the generic 



Production of targeted embryonic 

stem cell clones 

MICHAEL P. MATISB, WOJTEK AUERBACH and ALEXANDRA L« 

JOYNER 

1, Introduction 

The discovery that cloned DMA introduced into tissue culture cells can 
undergo homologous recombination at specific chromosomal loci has 
revolutionized OUT ability to study gene function in cell culture and in vivo. In 
theory, this technique, termed gene targeting, allows one to generate any type 
of (notation in any cloned gene, The kinds of mutations that can be created 
include null mutations, point mutations, deletions of specific functional 
domains, exchanges of functional domains from related genes, and galfe-of* 
function mutations in which exogenous cDNA sequences are inserted 
adjacent to endogenous regulatory sequences. In principle, such specific 
genetic alterations can be made in any cell line growing in culture. However, 
not all cell types can be maintained in culture under the conditions necessary 
tm transaction and selection. Over ten years ago, pluripotent embryonic 
stent (ES) cells derived from the in ner cell mass {1 CM) of mouse blastocyst 
stage embryos were isolated and Conditions defined for their proportion and 
maintenance in culture (1, 2). E$ cells resemble 1CM ceils in many respects, 
including Iheir ability to contribute to all embryonic ti&SUes in chimeric mice. 
Using stringent culture conditions, the embryonic developmental potential of 
ES cells can be maintained following genetic manipulations and after many 
passages in vitro. Furthermore, permanent mouse lines carrying genetic alter- 
ations introduced into ES cells can be obtained by trammitting the mutation 
through the germline by generating ES cell chimeras (described in Chapters 4 
and 5), Thus* applying gene targeting technolo^ to ES cells in culture affords 
researchers the opf^rturdty to modify endogenous genes and study their 
ftmction in vive. In initial studies, one of the main challenges of gene targeting 
was to distinguish the rare homologous recombination events from more com- 
monly eweurring random integrations (discussed in Chapter 1). However, 
advances in cell culture and in selection schemes, in vector construction using 
gogenk DNA, and in the application of rapfci screening procedures have 
made it possible to identify homologous rccomhination events efficiently. 
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Preface 



Targeted rnatanoo of genes expressed In the twrvons system is an exciting new research 
field that is forging a remarkable amalgam of molecular genetics and behavtoraJ neuro- 
science. My laboratory in Bethesda has been the fortunate recipient of visits from many 
molecular geneticists over the oast five years, who come to ftsk, "What^ wrong with ray 
mouse? Can you tell OS what behaviors; are abnormal in OurmiQ mutants? And how do you 
measure behavior, aoyW|y7" 

We have had some remarkable opportunities to collaborate with outstanding molecular 
geneticists in the National Institutes of Health Intramural Research Program and through- 

tiw mouse brain. Each of these collaboration has been a learning experience, increasing 
our unoVrstandmg of the optimal experimental design for analyzing behavioral phenotypes 
of mutant mice. What ate the best testa to address each specific hypothesis? Which meth- 
ods wort best for mice? Which rat tasks can be adapted rorraSce? What are the correct con*- 
trots? What are the hidden pitfalls, hrrting artifacts, false positives, and false negatives? 
Which statistical tests arc most sensitive tor detection of the genotype effect? What is the 
nunitnumnun^ 

and many others are gradually working out the best methods for behavioral phenotypiag of 
transsenfcaodknoel^ 

In the same cdovcsi^ons, raoteeutar geneticists rreqjacntiy asked me to recornmend a 
book they could consult to learn mote: about behavioral tests for mice. Apparently the sci- 
entific hook publishers me receiv ing similar queries. Aim Boyle and Robert Haringtoo at 
John Wiley & Sons; convinced of a real need for such a book* sweet-talked me into filling 
the void. What* Wrong fVhh My Afoust? is written for these pioneering molecular geneti- 
cists, and for tbe talented students who will be the next driving force fa moving the Held 
forward. 

On a personal level, I would like to express deep appreciation to all of ray behavioral 
oeuroscientist colleagues around the world for their outstanding worfc, past present, and fu- 
ture. Yo*ir contributions to the excellence and abundance of recuse behavioral tests provide 



*fi foundation for fee igp&fr expanding ssteirtifn? discoveries fonfecoraina ftom bthssvwml 
complishrnents. 

Jacqueline N. Crawuy, P&JX 



Designer Mice 



The disease Is inherited- Famity pedigrees indicate domii^t gei«a-uii»ge 

analyses reveal one strongly associated criromosomal tocus. Mapping identifies tfee gene* 
The dDMA for the gene ts sequence*! The rmsttontieai dtstrmiiriott of the »e»e is primarily 
in the brain. Tbc syrrnrtoms of me disease ate primarily ncGropsyebiatric. There is no total- 
meet for the disease, the disease is lethal, 

Your mission, should you choose to accept it, is to develop a treatment tor die disease. 
Replacement gene therapy is the best hope. But you don't know the gene product, you 
dWt^ow its function an^ 
do you start? 

The^d^youmay dKX^toStaH^ 
moose model of me hereditary disease, A DNA construct coaisming the mutated form of the 
respooMoIe gene is developed the construe* is inserted into the mouse genome. Aline of 
tttice^theira*^ 
cotimanstrntonmin^ 

r&aaed These dtseaseUfce traits are men used as test variables tot evaluating me effectiveness 
of treatments, Putaitve treatn^ 
vents c* revets t^dseasc^ 

potential therapeutic treatment tot the himian generic disease. Gene merspy, based on targeted 
gene replacement of the mission or incorrect gene in the human hereditary disease, is de- 
rail mOJ3pti*12/In to 
toaArinfetermgn^lac^^ 

Targeted gene nictation in mke represents a new technology mat is revolutionisms bio- 
medical research. Transgenic rmoc love xncxtr*$*ne added An addttiettal copy of a box- 
rniJ gem is inserted Into tn^ 

anew gene is added that is not normally present in me mouse genome, The new gene may 
be the aberrant torn* of a human gene Hlu^ 

the human hwttogtin gene is added tome naonse genome to generate a moose rondel of 
Himfcogton's disease. Knockout mice have a gene 4*Ut*4. The paH mutant homozygous 
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knockout mouse is deficient w both alleles of a gene; the heterozygotc is deficient in one 
of its two tildes for the gen*. The genotype is far the mill mutant, 4-/- for the heV 
etozygote, ami +/+ for the wildlyp t normal control the phecotype is the set of ob- 
served characteristics resulting from th© mutation. Phcno types include hiod>erttleiii, 
anatomical, physiological, and behavioral characteristics. 

Targeted imitations of genes expressed in the brain are revealing the mechanisms Iffider- 
lying norma! behavior and behavioral abnormalities. Mouse models of human nearopsy- 
eWarrtc diseases, such as Alzheimer 1 * disease, Pailrinsons disease, Hnatfajgtoa^ dfeease, 
amyotrophic lateral sclerosis, obesity, anorexia, depression, alcoholism, <fru g addiction, 
schizoplmsak and anxiety, are likely tp ho characterized by their behavioral pheootype, 

This book b designed to tntroducc the novice to the rich literature of behavioral teats in 
mice and to show how to optimize the application of these tests far behavioral ptenotyping 
of mutant mke, Based on our ex^nces,. our ^bomtory is vwrMflfc toward a unffied ap- 
proach for die optima! condtiet of behavioral phettotyping experiments in mutant rake. 
Recommendations are offered for a three-tiered sequence of bdtavinrai testa, applicable to 
each behavioral domain relevant to genes expressed in the mammalian brain, 



SCOPE 

This book is unsigned as an overview of the mutaffl rarjtJM 

to the field of behavioral neurosckitce, as it can be applied to behavioral ^mtffypmg of 
transgenic and knockout mice. Molecular geneticists may browse through the chapters rel- 
evant to their gene, to get ideas for possible tests to try, Behavioral neurosckotists who haw 
no experience with mutant mice may wish to read about ^e methods for developing a trans- 
genie of toMCkout, the behavioral tests that have been effectively applied, and some of use 
successful exoermTcius published in the generics ruerature, 

Chapters ate organized around behavioral domains, iiscfcidtng general health, neurolog- 
ical itflGKCS, (tevekpacatel milestones, mtm fonctians, sansofy abilh^ W and 
memory, ibedio& sexual and parental betarvior*, social behaviors, and rodent paradigms 
relevant to fear* anxiety, depression, schizophrenia, reward, and drug udmetimv JEfcch dug>- 
tcr bcglm with s brief history of the early work in the field and the present hypotheses about 
medietas undcrrying the expression of die behavior, A list of general review articles and 
books is offered for each topic, encouraging the interested reader to gain more in-depth 
knowledge of the relevant literature. 

Standi tests are men presented m detail. Highlighted are those tasks that have been ex- 
tensivejy validated in mice Demonstrations of genetic components of task performance are 
described, including experiments comparing mbred strains of mice (strain distributions), 
o^anthatrve trah loci approaches (linkage analysis), and naturaJry occurring ramants (spon- 
taneous mutations). Experimental design and specific behaviomi tasks are presented as 
simply as possible. Exteasrvc references are included for each behavioral test to obtain 
mo re com plete roefcods from the primary experimental bteratare on the topic 

llksteitions are provided for the most fie^ueotly used behavioral tasks: Photographs of 
the equipment or diagrams of the task accompany the text Samples of data are shown, The 
tote presentation b designed to iruficate tf* qualitative and ojzant^ 

mat can be 

expected when die task is properf/ conducted 

Each chapter includes the results of several representative experiments in which these 
tasks are successfully applied to characterize transgenic and knockout mice. Examples are 
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WITH MY 

MOUSE 



Transgenic artd knockout mutations provide an important means for understanding gene 
function, as well as for develop ing therapies for genetic dishes This engagm^ ;md informative 
book diKusse-s the many advance* in the field of transgenic technology* thai have enabled 
researches to bring about venous changes in the :no*use genome CquaUrnphasii is gi ve* to 
both the p? inches of transgenic and knockout methods and th^ir applications. A dear and 
<o«dsc foimat provides researchers with a comprehensive review of the behaviors! pa/adgms 
appropriate for anaSyjrjrtg mouse phenofypes. 

Wnor i HVo/i^ with My Mouse? explains the defences between tf^ftsgenk knockout mice and 
fNfir wild'type controls, while providing critical information about gene function and expres- 
sion This volume fecogmzes. that newly identified gen^s On provide useful insights into ton 
functioning, including brain malfunctioning in disease states. Written by .1 wo* id -renowned 
expert in the freld. she material afso covers. 

• H 0 w * 0 gen era te a tra nsg€ n ic 0/ fc nockout mouse 

- Motor functions (open field, holsboafd, roMrod, balance, grip, eveadian activity; etc.} 

• Sensory abilities {olfaction, vrs>on, hearing, taste, touch, nociception) 

• Reproductive behavior, social behavior and emotional behavior 

Researchers in neuroscience. pharmacology, generics, developmental biology, and cell biology 
will al! find ih*s book essemsftf reading. 
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